Study Design. The bone union rate after lumbar interbody fusion (LIF) using titanium (Ti) or polyetheretherketone (PEEK) cages was investigated retrospectively. Objective. To assess whether the PEEK cage is superior to the Ti cage in terms of bone union after LIF. Summary of Background Data. We previously reported that the formation of vertebral endplate cysts is useful for predicting nonunion after LIF using Ti cages. Methods. We examined 144 levels in 117 patients treated from March 2005 to July 2012 with transforaminal LIF using Ti (93 levels in 77 patients) or PEEK cages (51 levels in 40 patients) with pedicle screw fixation. Using computed tomography, vertebral endplate cyst (cyst sign) was evaluated at 3 months, and bone union status was evaluated at 1 and 2 years postoperatively. The relationship between cyst sign and union status was analyzed statistically. The bone union rate and the accuracy of the cyst sign were compared between the two groups. Results. The postoperative bone union rate was 75.2% and 74.5% at 1 year, and 82.8% and 80.4% at 2 years for Ti and PEEK groups, respectively. The rate of positive cyst sign was 17.2% and 13.7%, respectively. The nonunion rate with positive cyst sign was 100% and 100% at 1 year, and 56.2 % and 71.4% at 2 years, respectively. Calculated for the cyst sign and union status, the sensitivity was 69.6% and 53.8%, and the specificity was 100% and 100%, respectively. There were no significant differences in bone union rate, rate of positive cyst sign, nonunion rate with positive cyst sign, sensitivity, and specificity between the two groups. Conclusion. The cyst sign was useful for predicting nonunion after LIF using PEEK or Ti cages. The bone union rate after LIF did not differ significantly between the two groups.
L umbar interbody fusion (LIF) with pedicle screw fixation is a standard procedure for treating lumbar degenerative disorders. 1 Although a high union rate after LIF has been reported, nonunion of grafted bone remains a concern for surgeons. Nonunion is associated with screw loosening, cage migration, and rod breakage, and may require revision surgery to relieve back pain. 2, 3 We have previously reported that the formation of vertebral endplate cysts 3 months after transforaminal LIF (TLIF) using titanium (Ti) cages predicts nonunion at 1 year postoperatively. 4 Polyetheretherketone (PEEK) has been introduced recently in place of Ti cages in the manufacture of intervertebral cages used in spinal fusion procedures. PEEK cages may have several advantages over Ti cages including the lack of metal allergies, radiolucency, low artifact on magnetic resonance imaging, and moderate stiffness. [5] [6] [7] Its radiolucency may help the clinician evaluate the progression toward bone union more clearly. The moderate stiffness of PEEK, which has a modulus of elasticity that is similar to that of human cortical bone, may increase the union rate of the grafted bone by minimizing stressshielding effects. 5 However, the superiority of PEEK cages in radiological outcomes remains controversial. 8, 9 The aims of this study were (i) to investigate whether the formation of bone cysts after TLIF using PEEK cages is a useful sign for predicting nonunion, as for Ti cages; and (ii) from the viewpoint of the formation of vertebral endplate cysts, to compare the bone union rate between Ti and PEEK cages after TLIF.
MATERIALS AND METHODS
Approval by the institutional ethics committee was obtained for this study.
One hundred seventeen patients (51 males and 66 females) who were treated with TLIF using Ti or PEEK cages with pedicle screw fixation were enrolled in this study. One hundred and forty-four levels were included in the analysis. and were crescent shaped. Locally harvested bone obtained during the decompression procedure was grafted inside and around the cage. If the amount of locally harvested bone was insufficient, autologous iliac crest bone was also harvested and grafted. Recombinant human bone morphogenetic protein-2 was never used because it is not approved for use in our country. All patients were followed up radiologically for 24 months. No patient was lost during the postoperative follow-up period.
The patients' demographic data are summarized in Table 1 . In the Ti group, the multioperated back (MOB) cases included 11 cases of segmental instability after decompression surgery, two cases of adjacent segmental degeneration, and one case of failed posterolateral fusion. In the PEEK group, the MOB cases included three cases of segmental instability after decompression surgery and one case of adjacent segmental degeneration.
Assessment of Bone Union
Bone union was assessed as previously reported by lateral dynamic radiography and multidetector-row computed tomography (CT) at 3, 12, and 24 months after the operation. 4 A 64-line multislice CT scanner was used; 1-mmthick axial helical slices were obtained in a CT scanner and used for multiplanar reconstruction (CT-MPR). The criteria for radiological assessment were as follows. (1) More than 3 8 of motion on flexion-extension in the radiograph was considered to indicate nonunion. (2) Nonunion was defined as the presence of a visible gap between the vertebral endplate and cage or radiolucency around the pedicle screws on a radiograph and/or a CT-MPR image. (3) Bone union was defined according to the osseous continuity through and/ or around the cage in both the sagittal and coronal CT-MPR images. Successful bone union was recorded when these criteria were met. Patients with nonunion were examined again by CT at the 2-year follow up. Delayed union was defined as nonunion at 1 year that had changed to union at the 2-year follow up.
Classification of Vertebral Endplate Cysts:
The Cyst Sign A vertebral endplate cyst was defined as previously reported as a visible low-density circular or oval area on sagittal and/ or coronal CT images located at the cranial and/or caudal vertebral endplate against the cage. 4 The size of the lowdensity area was not considered relevant. We used the following original classification system to describe vertebral endplate cysts according to a comparison between the preoperative and follow-up findings using reconstructive sagittal and coronal CT images. A positive cyst sign was defined as an endplate cyst that appeared de novo or was larger at 3 months after surgery than that observed in the preoperative findings. A negative cyst sign was defined as no endplate cyst appearing during the follow-up period or an endplate whose size did not change or became smaller than that in the preoperative findings. In our previous study, a high interobserver reliability for identifying the cyst sign was reported; the kappa coefficients were 0.86 for the degree of agreement for the cyst sign between two independent observers. 4 Representative cases of positive and negative cyst signs are shown in Figure 1A , B.
Statistical Analysis
Sensitivity, specificity, and positive and negative predictive values were calculated. Multivariable logistic regression analysis was used to adjust explanatory variables, such as age, sex, MOB, and comorbidity to identify the risk factors for cyst formation, and odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. A separate multivariable logistic regression analysis was adjusted for explanatory variables, such as age, sex, MOB, cyst formation, and comorbidity to identify the risk factors for union status. The x 2 test and t test were adjusted for comparison between the Ti and PEEK groups. Significance was defined as P < 0.05. All analyses were two-sided and were performed using SAS software (version 9.2; SAS Institute Inc., Cary, NC).
RESULTS
There were no differences between Ti and PEEK group in age, sex, number of fusion levels, percentage of patients with an MOB, and comorbidity (Table 1) . No infections of the surgical site were observed during the postoperative followup period in either group.
Bone Union
The bone union rate at 1 year postoperatively was 75.2% (70/93) in the Ti group, and 74.5% (38/51) in the PEEK group (P ¼ 0.92). Union status changed from nonunion at 1 year postoperatively to union at 2 years postoperatively (delayed union) at seven levels [30% (7/23)] in the Ti group and at three levels [23% (3/13)] in the PEEK group, respectively. The overall rate of bone union at 2 years postoperatively was 82.8% (77/93) in the Ti group and 80.4% (41/ 51) in the PEEK group (P ¼ 0.72) (Tables 2 and 3 ).
Cyst Sign
Just before surgery, the vertebral endplate cysts were detected at seven levels in the Ti group and eight levels in the PEEK group. At 3 months, the positive cyst sign was detected at 16 levels in the Ti group and seven levels in the PEEK group.
At 1 year postoperatively, the cyst sign was positive for 16 nonunion levels in the Ti group and seven nonunion levels in the PEEK group (true positive), but was never positive at any union level in either groups (false positive). The cyst sign was negative for seven nonunion levels in the Ti group and six levels in the PEEK group (false negative), and for 70 union levels in the Ti group and 38 levels in the PEEK group (true negative). At 1 year postoperatively, the overall sensitivity was 69.6% (16/23) in the Ti group and 53.8% (7/13) in the PEEK group (P ¼ 0.35), the specificity was 100% in both the Ti (70/70) and PEEK (38/38) groups, the positive predictive value was also 100% in both the Ti (16/16) and PEEK (7/7) groups, and the negative predictive value was 90.9% (70/77) in the Ti group and 86.4% (38/44) in the PEEK group (P ¼ 0.44) ( Tables 2 and 3) .
At 2 years postoperatively, as for the levels with the positive cyst sign, delayed union was achieved in seven levels [44% (7/16)] in the Ti group and at two levels [29% (2/7)] in the PEEK group (P ¼ 0.49).
Assessment of the union status at 1 and 2 years postoperatively showed no differences in sensitivity, specificity, positive predictive value, and negative predictive value between the two groups ( Table 3) . Multivariable logistic regression analysis of the cyst sign Table 4 shows that age, sex, and comorbidity were not significant risk factors for a positive cyst sign in either group. MOB was a significant risk factor for a positive cyst sign in both the Ti (OR: 3.8; 95% CI: 1.1-13.1) and PEEK (OR: 29.9; 95% CI: 4.21-infinity) groups.
Multivariable Logistic Regression Analysis of the Bone Union Table 5 shows that age, sex, and comorbidity were not significant risk factors for nonunion in either group. A positive cyst sign was a significant risk factor for nonunion in both the Ti (OR: 166; 95% CI: 22.4-infinity) and the 
DISCUSSION
One of the clinical goals of LIF is to achieve intervertebral bone union. Therefore, it is important to evaluate the postoperative union status. We found in our current study that the positive predictive value of a positive cyst sign was 100% in both the Ti and PEEK groups at the 1-year follow-up, and that the multivariable regression analysis identified positive cyst sign as a risk factor for nonunion in both the groups. These indicate that the cyst sign is useful for predicting bone nonunion after TLIF using PEEK cages, and Ti cages. In spinal fusion procedures, to take advantage of the biomechanical superiority, PEEK is now used in intervertebral cages instead of Ti. However, the superiority of PEEK cages in radiological outcomes remains controversial. 8, 9 In the current study, the bone union rate did not differ significantly between the two groups. The discrepancy in the biomechanical superiority of PEEK and the negligible differences in radiological outcomes between the two groups might be explained as follows. First, although PEEK may have properties that more closely resemble cortical bone in terms of stiffness, the implant is resting against a cancellous bone region that is much less stiff than cortical bone. Therefore, although PEEK may be less stiff than Ti, it is still much stiffer than the vertebral endplate. This might explain the lack of differences of bone union rates between two groups. Second, the primary stability of the PEEK cage is inferior to that of the Ti cage. Spruit et al 10 speculated that this could be explained by the surface profile of the cage; that is, the PEEK cage teeth are not as sharp as those of the Ti cage. Third, the biocompatibility of PEEK is inferior to that of Ti. In in vitro and animal studies, although the maturation of osteoblasts and bone apposition around the implant surface were found on the surface of Ti cages compared with PEEK cages, the surface of the implants fabricated from PEEK had a greater coverage of a fibrous connective tissue. [11] [12] [13] [14] [15] The osseointegration to the Ti surface increases bone-material bonding and increases the resistance to shear force.
Although the process responsible for the formation of the vertebral endplate cyst around cages remains unknown, the hypothesized mechanism is as follows. If the primary stability is insufficient, micromotion might be induced between the cage and the vertebral endplate. The repetitive local mechanical stress caused by the micromotion may lead to microfracture and consequent remodeling of the bone structure of the endplate, which consequently changes the modulus of elasticity of the endplate. As a result, the biomechanical superiority of the PEEK cage is lost, and a slight biomechanical incompatibility might be generated between the PEEK cage and the endplate. Micromotion is also critical for the Ti cage because it is biomechanically incompatible with the endplate. In either cage, the biomechanical incompatibility between the cage and the endplate might aggravate the local mechanical stress on the endplate, which may induce further microfracture, edema and focal bone resorption, and the subsequent local necrotic region. It is hypothesized that these processes might induce the formation of vertebral endplate cyst. This hypothesis may be similar to that of the formation of subchondral bone cyst adjacent to osteoarthritic joint surfaces. 16, 17 Cage subsidence is defined as sinking of cage into vertebral body and is divided into two types-namely, early and delayed cage subsidence. [18] [19] [20] The former occurs in the early postoperative period, caused by an intraoperative endplate injury. The latter is regarded if the CT images in the early postoperative period showed no cage subsidence and no evidence of endplate injury but if subsidence is detected on subsequent scans at several months after surgery. Many factors are suggested to cause delayed cage subsidence, and the formation of vertebral endplate cyst may be one of the risk factors.
The rates of delayed union at 2 years postoperatively were 30% in the Ti group and 23% in the PEEK group. As in the cases of nonunion with a positive cyst sign at 1 year postoperatively, the rate of delayed union at 2 years postoperatively was 44% in the Ti group and 29% in the PEEK group. However, these values did not differ significantly between the two groups, probably because of the small number of cases. We speculate that, despite of the occurrence of micromotion, the superior biocompatibility of Ti might be an advantage of bone union.
The multivariable regression analysis identified MOB as a risk factor for a positive cyst sign in both the groups. In a reoperation or a failed back surgery, the primary stability tends to be suboptimal because of the poor bone quality and soft tissue atrophy and degeneration. 21 Hence, it is speculated that the formation of vertebral endplate cyst might be induced through the proposed mechanism mentioned above.
The current study has several limitations. First, it was a retrospective cohort study, and a randomized controlled study is needed to compare the outcomes of surgery using Ti or PEEK cages. However, such a study has not been undertaken given that few Ti cages have been supplied since April 2011 because of the conversion from Ti to PEEK cages. Since then, PEEK cages have been used predominantly in TLIF. Second, the pedicle screw design with the posterior instrumentation system was not uniform because of the development of the product. The screw design affects the pullout strength. 22 Therefore, the primary stability would have differed between the two groups, which might have influenced the outcomes of the current study. Third, the patients' bone mineral density was not investigated. However, the demographics, especially the sex and age distributions, did not differ significantly between the two groups. Therefore, the bone mineral density probably did not differ between the two groups. Fourth, we did not investigate the optimum treatment of patients with a positive cyst sign. In this current study, the positive cyst sign was detected at 3 months posyoperatively. Detection of the positive cyst sign earlier after surgery may help identify those patients who should continue using a corset. Fifth, imaging artifact might affect the differences in cyst detection between Ti and PEEK groups. Even in the Ti group, however, the vertebral endplate cyst could be easily detected because the artifact of Ti cage was not so strong. Therefore, the differences of the artifact between Ti and PEEK cages didn't influence cyst detection. Finally, a single surgeon did not perform all surgeries during the current study, although the procedure was consistent in principle.
In conclusion, the positive cyst sign was useful for predicting nonunion after LIF using PEEK cages and Ti cages. The frequency of a positive cyst sign and the union status 1 and 2 years after LIF did not differ between patients receiving the PEEK cages and Ti cages. These results indicate that the PEEK cage was not superior to the Ti cage in terms of bone union after LIF.
Key Points
The bone union rate of PEEK cages did not differ significantly from that of Ti cages at 1 and 2 years after LIF.
The rate of formation of vertebral endplate cysts after LIF did not differ between Ti cages and PEEK cages. The multivariable regression analysis identified positive cyst sign as a risk factor for nonunion after LIF using Ti cages or PEEK cages. The formation of vertebral endplate cysts after LIF was useful for predicting nonunion or delayed union.
